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INTRODUCTION 
Malnutrition and undernutrition together constitute a great problem 
in many parts of the world. The dimension of this problem is appreciated 
when it is realized that over half the human race is either malnourished 
or undernourished. In man, as well as animals, many adverse effects of 
malnutrition or undernutrition have been reported. The most consistently 
observed effect of malnutrition or undernutrition in animals is stunted 
growth. Some of the factors believed to be responsible for this 
stunted growth include absolute or relative protein deficiency, protein-
calorie deficiency, inadequate enzyme synthesis and organ dysfunction. 
The importance of the anterior pituitary gland and its hormones to 
normal growth and associated metabolic processes has been known for a 
long time. Removal of the pituitary gland is followed, in most species 
of animals, by cessation of growth in the young and loss of body weight 
in the adult. Growth hormone is one of the hormones from the anterior 
pituitary known to be important to growth. Injection of suitable 
preparations of growth hormone into hypophysectomized animals and, 
under certain circumstances, intact animals results in an increase in 
body weight. Furthermore, injection of growth hormone or anterior 
pituitary extract into the offspring of undernourished rats is known 
to partially correct the stunted growth of the offspring. It might be 
expected, therefore, that malnutrition or undernutrition of the dam 
influences the growth hormone secretion in the offspring. 
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The objectives of these studies were to determine the effect of 
imposing dietary intake or protein intake restrictions on rats during 
gestation or lactation or both on (a) the survival value and growth of 
the offspring, (b) the cellular response of the offspring as determined 
by muscle deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) 
analysis, (c) the plasma and pituitary growth hormone levels and (d) to 
elucidate whether the growth hormone levels were in any way related to 
the growth of the offspring. 
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LITERATURE REVIEW 
This review of literature will be directed towards physical, 
metabolic and mental development as influenced by prenatal and post­
natal malnutrition (protein deficiency) or under-nutrition (protein-
calorie deficiency). 
Physical Development 
Feeding protein-deficient diets to pregnant and lactating rats 
resulted in decreased litter size, decreased weight of individual pups 
(Seegers, 1937; Curtiss, 1953; Nelson and Evans, 1953; Ambegoakar and 
Chandra, 1959; Leathern, 1959), decreased survival rates up to weaning 
(Macomber, 1933; McCoy, 1940) and stunted growth of the offspring 
(Dunn jet a^,, 1947) . 
Nelson and Evans (1953) placed rats on purified diets varying in 
protein level from 25% to 0% on the day of mating. They observed few 
adverse effects on reproduction as the protein level was dropped from 
25 to 20 to 15 and finally to 10%. Decreasing the protein level to 5% 
(6% casein), however, resulted in 30% resorptions and marked decreases 
in average maternal gain, that is, from 82 gm to 11 gm, during the 
20-day gestation period. The young produced by mothers on this diet 
weighed less than 5 gm and 17% were stillborn. 
More recently, Zeman (1967) reported that pregnant rats fed a diet 
containing 6% casein as the sole source of protein produced offspring 
with decreased total body weight and length as well as decreased liver 
and kidney weights and increased heart, brain and thymus weights in 
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relation to total body weight. 
Protein restriction during pregnancy and lactation has been demon­
strated to quantitatively affect lactation in the rat (Nelson, 1959; 
Perisse and Salmon-Legagneur, 1960; Venkatachalam and Raraanathan, 
1964). That the quantity of milk obtained by the rat during suckling 
period profoundly influences the rate of growth and body development 
has also been demonstrated (Widdowson and McCance, 1960; Dickerson 
and Widdowson, 1960; Widdowson and Kennedy, 1962; Heggeness et £l. , 1961). 
Probably the most consistently observed result of postnatal malnu­
trition is the permanent stunting of animals. Kennedy (1957) and 
Widdowson and McCance (1960) reported that rats from relatively large 
litters (15-18) were small at weaning and remained small throughout 
life in comparison with animals from small litters (3-4) that were 
large at weaning, even though all animals were offered the same diet 
ad libitum after weaning. This pattern was, however, not uniform for 
the growth of all organs. The development of vision and the eruption 
of teeth were more dependent on chronological age of the animal than 
size. 
Kirsch, Brock and Saunders (1968) fed experimental diets con­
taining 57o, 8% and 12% protein to male rats weighing 100 gm. These 
diets were isocaloric with the control diet which contained 20% protein. 
They reported that the rats fed the 5% protein diet were stunted and 
retained the fine hair of the young rat long after their peers had 
grown coarser adult hair. 
In studies where rats were fed semi-purified diets containing 24% 
or 5% unsupplemented casein as the sole source of protein throughout 
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pregnancy, Zeman (1968) observed that kidneys from the protein-
restricted animals have fewer and less well-differentiated glomeruli, 
a greater proportion of connective tissue, and relatively fewer con­
nective tubules. 
Thompson (1937) studied the effect of low protein diets fed during 
gestation of rats on the postnatal growth of the progeny. He found 
that the young of the rats fed the low protein diets retained less 
nitrogen and were lighter at maturity than those of the rats fed the 
high protein diet. 
In the pig, neither level nor source of protein influenced litter 
size, birth weight or livability (Rippel et. fl.- » 1965). In fact, there 
were no significant differences in the number of pigs farrowed alive, 
birth weight of live pigs, or gain of pigs from birth to weaning from 
sows fed 182 to 364 gm protein daily during gestation (Frobish £t £l., 
1966). According to these workers, however, more pigs were weaned 
from sows on the high protein intake than from sows on the low protein 
level, Livingstone et £l. (1966) observed no differences in reproductive 
performance of sows fed a lew protein diet of grains and grain byproducts 
when compared with a high protein diet including fish meal and soybean 
meal. Mills (1966), however, points out that interpretation of experi­
ments on the influence of feeding on reproduction and subsequent growth 
of the young pig is made difficult by the present ignorance of the 
nutrient requirements of the breeding sow. 
When feed intake by female rats was restricted to levels of 50 or 
75% of that of unrestricted females during pregnancy and lactation or 
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during gestation only, restricted females, despite no loss in weight 
during pregnancy, showed a lowered fertility, smaller litters and lower 
average birth weight of the progeny (Chow, 1964; Chow and Lee, 1964). 
Lowered feed utilization (Lee and Chow, 1965, 1968; Hsueh and Chow, 
1967; Venkatachalam and Ramanathan, 1964) and growth rates (Hsueh and 
Chow, 1967), not fully explained by the difference in birth weight 
(Chow and Augustin, 1965), and a decreased resistance to hypothermia 
(Chow and Lee, 1964) have also been observed in the progeny of 
restricted mothers, even when allowed unrestricted food intake after 
weaning. 
Atrophy of intestinal villi has been reported in protein-calorie 
malnutrition (Trowell £t £l., 1954; Brock, 1961; Stanfield et £l., 1965; 
Berkel e^ , 1970). Indeed Tandon ^  al^. (1968) reported that a 
majority of their kwashiorkor patients showed intestinal mucosal altera­
tions in the form of blunting of villi, fusion at their bases and 
variable inflammatory cell infiltration of lamina propria. Similar 
changes in the structure and function of the small bowel in experimental 
protein deficiency in rhesus monkeys have been found, despite an 
abundant supply of vitamins and minerals in the diet (Deo and Ramalinga-
swami, 1964). 
Metabolic Development 
According to Hall and Zeman (1968) rats fed a protein deficient 
diet during pregnancy produce offspring that have altered kidney function 
with marked reduction in glomerular filtration rate and depressed urine 
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excretion during both water diuresis and osmotic diuresis. They sug­
gested that these effects may be related to a previous finding by 
Zeman (1968) of fewer and more immature glomeruli in such offspring or 
to extra-renal factors. 
It has also been shown with rhesus monkeys that in protein defi­
ciency the cells of the digestive glands, notably pancreas, atrophy and 
can no longer produce enzymes in normal amounts (Deo and Ramalingaswami, 
1965). The cell renewal rate in the small intestine is considerably 
reduced, leading to the atrophy of intestinal villi and defective 
absorption. 
Thompson and Trowell (1952) aspirated the duodenal contents and 
measured the concentrations of pancreatic enzymes present in children 
with kwashiorkor. They found very low values for amylase, lipase and 
trypsin. According to them, this failure to synthesize digestive enzymes 
is probably largely responsible for the gastrointestinal disturbance and 
diarrhea which are commonly present. 
Malnutrition may also result in secondary intestinal disaccharidase 
deficiencies (Montgomery, 1961; Stanfield et^ £l•, 1965) which improve 
with correction of the nutritional state (Cook and Lee, 1966; Berkel 
et al., 1970). 
The concentration of free amino acids in the plasma of untreated 
cases of kwashiorkor has been shown to have a remarkably constant pattern 
in a number of different countries (Westall £t £l., 1958; Arroyave et al., 
1962; Holt e^ £l., 1963; Edozien and Obasi, 1965; Saunders et. âl" » 1967), 
In general, there appears to be a depression of certain essential amino 
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acids, especially valine, leucine, isoleucine, methionine, as well as 
the non-csscntial amino acid, tyrosine. In contrast, there is usually 
a normal or raised level of glycine or histidine. 
After feeding pregnant rats a semi-purified diet containing 30% 
casein or 6% casein, Zeman et al. (1969) determined the DNA, RNA and 
protein in whole carcass of 16-day fetuses, and in liver, heart, kidney, 
thymus, brain and remaining carcass of 18 and 20-day fetuses and in new­
born young. They found that the young from protein deficient females 
had smaller organ and carcass weights at all ages studied. Total DNA 
content was significantly decreased in livers of 18-day fetuses and 
newborn young from deficient females. Moreover, total protein and total 
RNA were significantly reduced in protein deficient young, but weight: 
DNA, protein:DNA, and RNA:DNA ratios were not generally decreased. 
Consequently, these workers concluded that the primary effect of maternal 
protein deficit on fetal growth is a decrease in cell number while normal 
cell size is retained. 
In the pig. Pond et al^. (1969) studied the effect of dietary pro­
tein deprivation during various intervals of gestation in the gilt on 
subsequent growth of the progeny and on nucleic acid content of the brain 
and muscle of the progeny during young adulthood. They observed that 
dietary protein deprivation of the gilt throughout pregnancy results in 
reduced birth weight and postnatal weight gain of the progeny but does 
not permanently affect DNA content (cell number) of the cerebrum or 
cerebellum, although the RNA concentration and total RNA in these two 
organs may be decreased. In addition, DNA concentration of skeletal 
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muscle at 90 kg bodyweight was not affected by treatment but RNA/DNA 
was significantly reduced in progeny of protein-deprived gilts. 
The progeny of rats placed on a 50% dietary restriction during 
gestation have been reported to show low nitrogen balance and abnormal 
urinary nitrogen distribution (Lee and Chow, 1968), In addition, the 
restricted progeny metabolized a good quality protein, such as egg 
albumen, as efficiently as the unrestricted progeny, but they did not 
metabolize a poorer quality protein such as soy protein or even casein 
as effeciently as the unrestricted progeny. Qualitative as well as 
quantitative analysis of urinary amino acids showed that the restricted 
progeny excreted more free basic amino acids such as arginine, and 
significantly more total amino acids than the control progeny. 
Hypoalbuminemia is an invariable finding in developed protein-
calorie malnutrition (Trowel1 et al., 1954); Viteri al., 1964). 
For example. Dean and Schwartz (1953) found an average value of 1.51 
gm/100 ml (range 0.76 to 2.17), which rose to the normal value of about 
3.5 gm/100 ml in response to treatment. They suggested that the low 
level of serum albumin is probably responsible, in part, for the edema 
which is frequently present. Similar results have been obtained 
experimentally in the rhesus monkey (Deo and Ramalingaswami, 1965), in 
pigs (Friend £t al^., 1961) and in rats (Wiemer, 1961). 
By contrast, the level of serum globulin is usually well maintained 
and the gamma globulin fraction is often higher than normal which, 
according to Rao £t al^,, (1959), is probably caused by the presence of 
infection. 
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Winick and Noble (1966) exposed rats to 21 days of caloric restric­
tion at birth, at weaning and at 65 days and then refed them normally 
until adulthood. They found that malnutrition from birth to weaning 
resulted in a proportional decrease in weight, protein, RNA and DNA in 
the whole animal, brain, heart, lung, liver, kidney, thymus, spleen, 
maxillary gland and the gastrocnemius, indicating a reduction in cell 
number without alteration in cell size. These animals did not recover 
normal growth when fed adequately. Malnutrition from weaning to 42 days 
of age also resulted in a proportional reduction in weight, protein, RNA 
and DNA in all organs except brain and lung. Although weight, protein 
and RNA were reduced in these two organs, DNA was unaffected. Refeeding 
was accompanied by recovery in weight in these two organs only, resulting 
in an animal retarded in over-all growth with normal-size brain and lung. 
Finally, malnutrition from 65 to 86 days of age resulted in maintenance 
of DNA values in all organs except spleen and thymus, whereas weight, 
protein and RNA were reduced. All organs in these animals, except 
thymus, recovered normal size on refeeding and all ratios returned to 
normal. From these data, Winick and Noble (1966) concluded that early 
malnutrition impedes cell division and the animal does not recover, whereas 
at a later stage of growth malnutrition results in a reduction in cell 
size from which the animal can recover. 
Body fat, protein and ash content at the time of weaning in rats 
stressed by protein deficiency during the prenatal or preweaning period 
has, in fact, been reported to be lower than in the control rats 
(Venkatachalam and Ramanathan, 1964), 
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Mental Development 
Zamenhof et al. (1968) reported that the brains of newborn rats 
from females fed 87» protein diet contained significantly less DNA and 
protein compared with those of the progeny of the females fed 27% 
protein diet. 
More specifically, malnutrition in young rats has been associated 
with decreased synthesis of sulfatide, a lipid component of myelin 
(Chase e^ , 1967). Thus, the time of most active myelin formation 
is the most vulnerable period for the development of the central nervous 
system. In fact, these workers observed that the brain of the mature 
rat malnourished during infancy is not only physically small, but 
histologically may show degenerative changes in the nervous and 
neurological cells. 
Gross undernutrition from birth, according to Eayrs and Horn (1955), 
produces in the rat reductions in brain weight. Even quite mild nutri­
tional deprivation during suckling, amounting to little more than that 
which probably occurs at the lower end of the normal range in most 
colonies, can produce significant effects on the brain in the first 
three weeks of life (Widdowson and McCance, 1960; Dobbing, 1964). In 
fact, lowered intelligence has been reported in the progeny of such 
restricted rats even after allowing them unrestricted feed intake after 
weaning (Simonson et al., 1969; Penner, 1966), 
In a study (Culley and Lineberger, 1968) designed to determine the 
effects of various periods of undernutrition on the growth and composi­
tion of the rat brain, it was observed that values for body weight. 
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brain weight and total DNA, RNA, lipid and protein in the brains of rats 
on restricted feed consumption from 5 until 11, 17 and 60 days of age 
were significantly lower than the values for age-matched controls in each 
case. Also, the total cholesterol, phospholipid and cerebroside content 
of the brains of rats on restricted feeding until 60 days of age was 
lower than values obtained for brains of age-matched controls. Animals 
on restricted feed intake until 11, 17 and 60 days of age, respectively, 
then fed £d libitum until 110 days of age partially recovered their 
deficit in brain weight and total brain protein and lipid, but the 
values were consistently lower than normal. The percentage of lipid in 
all of these brains remained significantly lower than normal. Further­
more, the total amount and the percentage of phospholipid, cholesterol 
and cerebroside remained significantly lower than normal in the brains 
of rats undernourished until 60 days of age then refed ad libitum from 
60 until 110 days of age. 
Although Fishman et al. (1969) reported that the synthesis of the 
lipids associated with myelin membrane is that affected most by under­
nutrition in humans, as well as in animals, they cautiously pointed out 
that this may not be the primary effect. According to them, the failure 
to produce normal anounts of myelin could be secondary to a failure to 
elaborate neural elements or to increase oligodendrocytes. 
Simple nutritional deprivation of rats during the weaning period 
resulted in lower brain weights, total brain lipids, phospholipids and 
cholesterol (Benton et al., 1966). These three substances were reduced 
to about the same extent as brain size with the relative concentration 
unchanged. However, the amounts of cerebroside and proteolipid proteins 
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were considerably lower in the brains of undernourished weanlings as 
compared with normal controls. These defects were largely overcome 
when the animals were subsequently fed an adequate diet. Similarly, 
the process of myelination, while being depressed during the period of 
undernourishment, proceeded at an increased rate when an adequate diet 
was fed. Thus, after several weeks the degree of myelination was the 
same in the test animals as in the control groups. 
Experiments with pigs by Dickerson and Dobbing (1967) indicate that 
there are two separate phases in the development of the central nervous 
system: 1) the maturation phase, which consists of a rapid increase in 
cells, as indicated by increased DNA-phosphorus concentration and 2) the 
growth phase, which parallels myelination and is represented by increased 
amounts of cholesterol. In pigs, they observed that the rate of matura­
tion peaks prior to birth while the growth of the central nervous system 
peaks shortly after birth. 
It is not surprising, therefore, that experiments with different 
animals have shown that nutrition inadequate in calories and protein, 
coinciding with the period of life in which the brain is growing most 
rapidly, produces a brain which is not only smaller at maturity but also 
one which matures biochemically and functionally at a slower rate 
(Cowley and Griesel, 1963; Benton ejt al,, 1966; Winick and Noble, 1966; 
Barnes e^ a^, , 1966). 
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EXPERIMENTAL PROCEDURE 
Experiment I. The effect of exogenous growth hormone on the growth of 
the progeny of rats restricted in protein or dietary 
intake during gestation and lactation. 
Experimental Design in Experiment I 
Three-month old, virgin female rats of the Wistar strain weighing 
between 215 and 240 gm were randomly divided into groups of three each 
and each group mated by one male of the same age. The animals were kept 
in a temperature-controlled room (77+ 1* F) with automatically controlled 
lights (14 hours of light daily). 
Prior to mating, all the animals received a diet of Wayne Lab Blox 
pellets ad libitum. Pregnancy was considered to have begun when vaginal 
plugs or sperm were found. This was designated as day zero of pregnancy. 
At this time, animals were distributed into individual cages. The nine 
animals constituting the control group (Group I) were fed ad libitum a 
diet containing 30% protein. A second group (Group II) of six animals 
received 50% of the daily dietary intake of the control group while the 
third group (Group III) of six animals received a diet containing 7%% 
protein. Ten kilograms of each experimental diet without the vitamins 
were mixed. Then two kilograms of each diet were mixed with the water-
soluble and fat-soluble vitamin supplements. This procedure was used 
to minimize loss of vitamin activity which might otherwise have occurrd 
if all the diet had been made at one time. The composition of the 
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isocaloric experimental diets is presented in Table 1, The composition 
on percentage basis was 9% fat, 1% fat-soluble vitamin supplement, 1% 
water-soluble supplement, 27» non-nutritive fiber, 4% salt mix, respec­
tively for both diets. Diet I contained 34.28% casein-methionine mix 
(30% protein) while diet II contained only 8.577» casein-methionine mix 
(7%% protein). The composition of the two vitamin supplements is 
presented in Tables 2 and 3. 
Table 1. Composition of experimental diets 
Weight/10 kg 
Ingredients Diet I II 
g g 
Fat^ 900 900 
Fat-soluble vitamin supplement 100 100 
Water-soluble vitamin supplement 100 100 
Non-nutritive fiber 200 200 
Salt mix^ 400 400 
Casein-methionine mix^ 3428 857 
Sucrose 4872 7443 
Total 10000 10000 
^Mazola corn oil was used, 
^Hawk-Oser (1931), 
^Casein (88.13% N, obtained from Borden Company, Chemical 
Division, New York) - methionine mix contained 96.9% casein and 3.1% 
methionine/100 gm mix. 
The 50% level of restricted dietary intake of the Group II animals 
was determined as follows. Each animal on the control diet was offered 
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Table 2. Composition of water-soluble vitamin supplement 
Ingredients Composition/rat/day Weight/600 gm 
g 
Thiamine 40 meg 0,24 
Riboflavin 60 meg 0,30 
Pyridoxine HCl 40 meg 0,24 
Ca-Pantothenate 100 meg 0.60 
Nicotinic acid 500 meg 3,00 
Folic acid 8 meg 0.048 
Biotin^ 1 meg 0.60 
2 
Vitamin B^^ 0,75 meg 4.50 
Ascorbic acid 1 mg 6.00 
Inositol 10 mg 60.00 
P-aminobenzoic acid 10 mg 60.00 
Choline chloride 5 mg 30.00 
Dextrin 434.412 
Total 600.000 
^Biotin was mixed with dextrin so that 100 gm mix would give 
1 mg Biotin. 
^Available vitamin B]^2 mannitol furnished 0,1 mg vitamin 
B12/IOO gm mix. 
a measured amount, usually 40 gm, of the control diet. After 24 hours, 
the unconsumed food plus spillage was weighed and the food consumption 
determined by difference. On day 1 (day zero for group II animals) the 
average amount of food consumed by the animals on the control diet 
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Table 3. Composition of fat-soluble vitamin supplement 
Ingredients Weight/600 gm 
Alpha-tocopherol acetate^ 
Corn oil2 
Cod liver oil 
Total 
^DL-Alpha-tocopherol acetate was mixed with Mazola corn oil so 
that there was 1 mg tocopherol acetate in 50 mg. The supplement 
furnished 100 mg of fat-soluble vitamin supplement mixture/10 gm feed, 
^Mazola. 
was calculated and a quantity corresponding to 50% of the average intake 
was weighed into individual feed cups and offered to the animals in the 
restricted group. Animals on the restricted protein diet were fed the 
low protein diet ad libitum. All animals had free access to water. 
The regimen described was followed throughout gestation. 
After birth, the number of pups, both live and stillborn, as well 
as the individual weight of the live pups in each litter was recorded. 
Litter size was adjusted so that no female was left to nurse more than 
eight young, regardless of the previous dietary treatment. In this way, 
such complications as might arise from infection, unequal distribution 
of milk and other variables that might result from excess litter size 
were avoided. 
Litters in Group I were divided into three groups of three each. 
Mother rats in one of these continued to receive the control diet ad 







dietary intake of the control animals while the third group was fed the 
restricted protein diet a^ libitum. At this time, the dietary treat­
ments were designated Control, Control:Restricted Dietary Intake 
(ContrRDI) and Control:Restricted Protein Intake (ContzRPI), respec­
tively. Similarly, litters in Groups II and III were divided into two 
groups each of three litters, one group of mother rats continuing with 
the dietary treatment received during gestation and the other receiving 
the control diet. Thus, from Group II emerged two dietary treatments: 
RDI;RDI and RDIzCont. and from Group III, RPIiRPI and RPIiCont, This 
regimen was followed throughout lactation. 
At 21 days, the young animals were weaned, weighed and individual 
weights recorded. Four weanlings, two males and two females, were 
randomly selected from each litter. These were transferred to individual 
cages where they received the control diet ad libitum for eight weeks. 
All animals had free access to water. 
Feed intake data corrected for spillage were collected twice weekly 
while body weight changes were recorded weekly. 
For four weeks, two of the four weanlings in each litter, one of 
each sex, received subcutaneously 0.5 ml of 0.4 mg sheep growth hormone 
dissolved in 0.85% NaCl three times per week. The growth hormone (GH) 
was prepared by the method of Wallace and Ferguson (1963). The other 
two received 0.5 ml of 0.85% NaCl three times per week. In the fifth 
week, the volume of the growth hormone and the saline was doubled to 
1 ml. The concentration remained unchanged. During the seventh and 
eighth week, all animals on growth hormone treatment received a daily 
dose of sheep crude pituitary extract (PE) obtained by extracting 20 gm 
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of sheep anterior pituitary into 100 ml alkaline saline. Those on 
saline continued to receive saline. All animals received 0.5 ml in all 
instances. 
At the end of eight weeks, all animals were weighed and their 
individual final weights recorded. Twenty-four hours after the last 
PE injection, feed was removed and the animals were fasted for six hours. 
They were then anesthesized and blood was obtained by cardiac puncture. 
The blood was put into heparinized centrifuge tubes which were immersed 
in ice until centrifugation. Later the blood samples were centrifuged 
(4®C) at 10000 G for ten minutes to separate the plasma which was stored 
frozen until analysis. At this time, the animals were eviscerated and 
remaining blood and free fluids were absorbed with cotton balls. After 
decapitation, the cranium was opened and the posterior pituitary was 
dissected from the anterior lobe. Each anterior pituitary was removed, 
weighed, quickly frozen on dry ice and then stored frozen in saline 
until extracted for assay. The gastrocnemius muscles were dissected from 
each hind limb and weighed. Further handling and storage of the muscle 
samples were as described above for the anterior pituitary glands. 
The eviscerated animal with the tail and all visible renal fat 
removed was then weighed to obtain the "fresh carcass weight". The 
carcass was stored frozen until analysis,.. 
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Analytical Methods in Experiment I 
Carcass preparation 
The carcass was prepared for moisture, total nitrogen and fat 
determinations by a modified method fashioned after Hartsook and Hersh-
berger (1963). Briefly, the method can be described as follows. 
The frozen carcass was autoclaved in an anaerobic incubation jar 
at 15 pounds pressure for one hour. The carcass, after being refrig­
erated overnight, was transferred to a previously weighed blender by 
sharply inverting the jar over the blender, allowing the carcass to fall 
into the blender with minimal sliding down the sides. Any juices or 
large quantities of fat present were transferred with a rubber scraper 
into the blender. The incubation jar was then rinsed twice with about 
20 ml distilled water each time and the rinses added to the blender. 
A third and final rinsing was done with 10 ml of 95% ethanol which was 
also added to the blender. After adding water equivalent to 1% - 2% 
times the weight of the carcass, depending on the weight, the carcass 
was homogenized at medium speed for 10 minutes. The blender with the 
homogenate was chilled in the freezer for 10 minutes, weighed and the 
weight of the homogenate obtained by difference. After mixing the homo­
genate at low speed, samples for moisture, total nitrogen and fat deter­
minations were placed in wide mouth bottles which were then placed in 
the freezer for two hours. This greatly reduced loss of moisture during 
weighing of the samples for the various determinations since the homo­
genate became less fluid. 
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Moisture determination 
Triplicate samples of the frozen homogenate, approximately 3 gm 
each, were placed in previously dried and weighed ether 
extraction thimbles. These were then weighed and dried at 68®F for 48 
hours in a vacuum oven. The thimbles were then removed and allowed to 
cool in a desiccator for two hours before weighing. The percent 
moisture on wet weight basis was then calculated as follows; 
Wt, of dry matter in aliquot 
% Moisture = 100 - x 100 
Wt. of rat in aliquot 
fresh carcass weight 
where weight of rat in aliquot = weight of aliquot x 
total wt, of homo­
genate 
Fat determination 
The dried samples in the thimbles were next extracted for fat with 
50 ml of ether for 15 hours in a Goldfisch extraction apparatus. The 
thimbles were then dried in a vacuum oven for 24 hours, after which they 
were cooled for another two hours and then weighed. The percent ether 
extract was computed on a fresh weight basis as follows: 
Wt. of ether extract in aliquot 
7c. Fat = X 100 
Wt. of rat in aliquot 
Total nitrogen determination 
The macro-Kjeldahl method wab used. Approximately 3 gm of frozen 
homogenate were weighed into the digestion flasks. Three Henger granules 
and 25 ml of concentrated sulfuric acid were added to each flask. After 
a two-hour digestion period the flasks were cooled and 200 ml distilled 
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water were added to each flask. After cooling again, 80 ml of a satura­
ted solution of sodium hydroxide were poured slowly down the inside of 
each flask forming a separate layer from the acid solution. Then a 
small amount of powdered zinc was added. The flasks were placed on the 
distillation unit, shaken vigorously and distilled for 25 minutes. The 
distillate was collected in a 500 ml flask containing 50 ml of 4% boric 
acid to which had been added four to six drops of methyl red-methylene 
blue indicator. The solution was titrated with O.IN hydrochloric acid. 
The percent nitrogen was calculated as follows: 
Wt. of N in aliquot 
% N = X 100 
Wt. of rat in aliquot 
where N in aliquot = (ml O.IN hydrochloric acid) (0,014) 
Crude protein = % N x 6.25 
All determinations were done in triplicates. 
Experiment II. Relation of plasma concentration and pituitary content 
of growth hormone in the offspring of rats malnourished 
or undernourished during gestation or lactation or 
both to the growth of the offspring. 
Experimental Design in Experiment II 
The experimental design in experiment I was repeated with some 
modifications. Three-month old white albino female rats weighing between 
225 and 275 gm obtained from Sasco Company in Omaha, Nebraska, were used. 
All dietary treatments in the previous experiment were repeated except 
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the RDI:Control treatment. Four females were used per dietary treat­
ment instead of three. Moreover, the protein level in the low protein 
diet was raised from 7%% to 10%, and the sucrose content of the new 
diet adjusted accordingly. The dietary intake of the animals fed the 
10% protein diet was restricted to that of the animals fed the control 
diet. At birth, litters were cast so that no mother rat was left to 
nurse more than eight young regardless of the previous dietary treatment. 
At 21 days after birth, the young animals were weaned and transferred 
into individual cages where they were fed the control diet a^ libitum 
for five weeks. All animals had free access to water and were weighed 
daily. At this time, no feed intake record was kept. The animals were 
sacrificed five weeks after weaning by decapitation and blood was col­
lected from the neck. Blood samples, anterior pituitary and gastrocnemius 
muscle samples were handled and processed as previously described. 
Analytical Methods in Experiment II 
Plasma insulin 
Radioimmunoassay of plasma insulin was carried out by a modification 
(Trenkle, 1970a) of Herbert's coated charcoal method (Herbert et al., 
1965). 
Growth hormone 
Each capsule containing the pituitary gland was thawed and the con­
tent transferred into an all-glass tissue homogenizer. Approximately 
3 ml of 0.85% NaCl adjusted to pH 8.6 with IN sodium hydroxide were 
added and the pituitary homogenized. The homogenate was then transferred 
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into 25 ml volumetric flask. After the three rinses of the glass homo-
genizer had been added, the homogenate was made up to volume with 
0.85% NaCl. 
Rat growth hormone concentrations in the anterior pituitary and 
plasma samples were measured by a modification (Trenkle, 1970b) of 
Herbert's coated-charcoal radioimmunoassay (Herbert £t al^., 1965). 
Muscle SNA and DNA 
A modified Schmidt-Thannhauser procedure (1945) as recommended by 
Munro and Fleck (1966) was used for the determination of the RNA and 
DNA in muscle. The procedure used was as follows: Muscle samples to 
which nine volumes of ice cold distilled water had been added were 
homogenized at medium speed in a Virtis "45" homogenizer at 0*C. A 2.5 
ml aliquot of the homogenate was pipetted into each of two 15 ml all-
glass centrifuge tubes. DNA, RNA and protein were precipitated by 
adding 2.5 ml of ice cold 0.6 N HCIO4 to each tube. The resulting 
suspension was mixed, allowed to stand at 0®C for 10 minutes and centri-
fuged at 8000 G for 10 minutes. The supernatant (acid soluble fraction) 
was discarded, the precipitate was washed twice with 5 ml each of cold 
0.2N HCIO^, and the excess acid drained from the precipitate by invert­
ing the tube briefly over filter paper. The drained precipitate was 
suspended in 2 ml ice cold distilled water, followed by another 2 ml of 
0.6N KOH, and the suspension incubated in a water bath at 37*C for 90 
minutes. After incubation, the samples were cooled in ice, and the 
protein and DNA precipitated by adding 2.5 ml of 1.2N HClO^. After 
standing for 10 minutes in crushed ice, the suspension was centrifuged 
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at 9000 G for 10 minutes and the supernatant containing the RNA fraction 
was collected in 50 ml volumetric flasks. The precipitate was washed 
twice with 5 ml of ice cold 0.2N HCIO4 each time and the washings were 
added to the RNA fraction. After adding another 5 ml of the ice cold 
0.2N HCIO4, the RNA fraction was then made to a final volume of 50 ml 
(O.lN HCIO^) with distilled water. 
RNA standard solution was prepared by hydrolyzing 25 mg of yeast 
RNA (Calbiochem Lot No. 71804) in a solution made up of 2.5 ml of dis­
tilled water and 2.5 ml of 0.6N KOH at 37"C for 90 minutes. The hydro-
lyzed RNA was then made up to a final volume of 50 ml with O.lN HCIO^. 
A blank solution made up of 2.5 ml distilled water and 2.5 ml of 0.6N KOH 
was similarly prepared. By appropriate dilutions, RNA concentrations of 
10, 20, 30 and 40 mcg/ml, respectively, were prepared from the hydrolyzed 
RNA solutions. 
RNA concentrations in muscle were then determined by ultraviolet 
light absorption of 260 m|i and read against a standard curve obtained 
from the RNA standard solutions. Protein in RNA was determined by the 
phenolbiuret method of Lowry et al. (1951) and RNA was corrected for 
protein by subtracting 0.001 O.D./mcg protein. 
The DNA-protein precipitate obtained by acidifying the alkaline 
digest was suspended in 2.5 ml of distilled water followed by 2.5 ml of 
0.6N KOH and dissolved by warming briefly at 48®C. After adding 3.5 ml 
of 0.3N KOH the solution was brought to final volume of 25 ml (O.lN KOH) 
with distilled water and 2 ml of the diluted extract used for DNA 
estimation by the indole method of Ceriotti (1952). All determinations 
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were made in quadruplicates. 
The DNA standard solution was prepared by dissolving 25 mg of calf 
thymus (Calbiochem Lot No, 50209) in 50 ml of distilled water with the 
aid of O.IN KOH. Appropriate dilutions with O.IN KOH were made to 
obtain DNA concentrations of 10, 20, 30 and 40 meg/ml, respectively, 
which were used to plot the standard curve at 490 mfi. 
The concentration (mg/ml) of each nucleic acid in its extract was 
then calculated by using the standard curve, and from this, the concen­
tration of each nucleic acid in the fresh muscle (mg/gm) was determined 
using the formula: 
final volume dilution 
mg DNA/ml x qg extract ^ factor 
Concentration of DNA _ 
(mg/gm tissue) Volume of homogenate sample x 1000 
where dilution factor was 10 and volume of homogenate sample was 2.5 ml. 
By substituting RNA for DNA in the above formula concentration of RNA 
in the muscle was also calculated. 
Data collected were analyzed by the least squares method (LS) of 
Snedecor and Cochran (1967). This method uses all the data to estimate 
the error mean square (EMS). Thus: 
V(Xn) = ^ 
and V(LSC) = EMS , where, with equal numbers, f(n) would 
f(n) 
be equal to n. 
Since EMS uses all of the data it makes it possible to obtain an 
estimate of the standard error (S.E.) of the constant (C) even though there 
is only one observation. With unequal numbers, however, f(n) is depen­
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dent upon the inverse elements of the coefficient matrix and therefore, 




Results of effect of feeding restricted protein diet (malnutrition) 
or restricting dietary intake (undernutrition) of rats during gestation 
on the litter size, the number of pups alive at birth, stillbirth and 
birth weight are shown in Tables 4 and 5 and Appendix Tables 24 and 25. 
In experiment I, (Table 4), malnourished rats had decreased litter size 
(26%), decreased number of pups born alive (23%) and decreased still­
birth (29%) compared with the control rats. These differences, however, 
were not statistically significant. Birth weight of the offspring was 
not affected. Undernutrition during pregnancy also resulted in decreased 
litter size (28%), decreased number of live pups (18%) and decreased 
incidence of stillbirth (76%) in the offspring compared with the control 
offspring. The reason for the relatively high incidence of stillbirths 
in the control animals is not known. It is possible that most of the 
pups regarded as stillborn were born alive but were trampled to death 
within the first twelve hours before their birth weights could be 
recorded. As in malnutrition, birth weight of the offspring of under­
nourished animals did not appear to be affected. It is important to 
point out that when compared with undernutrition, malnutrition during 
gestation resulted in twice as many stillbirths as undernutrition. 
With the number of animals used in these studies, none of these dif­
ferences were statistically significant. 
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Table 4. Litter size, stillbirth and birth weight in experiment I 
Maternal 
dietary Total no. Litter No. of Birth 
treatment of pups size live pups Stillbirth weight 
% g 
Control (9)^ 116 12.9 99 14.7 5.3+0.042 
Restricted 
dietary 
intake (RDI) (6) 56 9.3 54 3.6 5.2+0.05 
Restricted 
protein 
intake (RPI) (6) 57 9.5 51 10.5 5,3+0.05 
^No. of litters. 
^Means + standard error, here and throughout thesis. 









live pups Stillbirth 
Birth 
weight 





RDI (4) 41 10.3 36 12.2** 5 .4+0.07** 
RPI (8) 64 8.0 48 25.0** 6 .7+0.06 
^No. of litters. 
**P<0.01, between treatment and control here and throughout 
thesis. 
Results of experiment II, (Table 5), were comparable to those of 
experiment I. Malnutrition during gestation resulted in decreased litter 
size (12%), decreased number of live pups (28%) and significantly (P< 0.01) 
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more stillbirth compared with the control animals. Again, birth weight 
of the offspring was not affected. In fact, the pups were slightly 
heavier (6%) than the control pups. Undernutrition, on the other hand, 
did not affect litter size but significantly (P^O.Ol) increased still­
birth. Litter size was even 13% larger and the number of live pups was 
97o greater than in the control rats. Although these differences were 
not statistically significant, the birth weight (5.4 gm) of the pups 
was significantly (P< 0.01) less than the birth weight of the control 
pups. 
Weaning Performance 
Results of effect of malnutrition or undernutrition during gesta­
tion or lactation or both on mortality and weaning weight of the off-
sping are presented in Tables 6 and 7 and Appendix Tables 26 and 27. 
In experiment I, (Table 6), all pups from rats malnourished during both 
gestation and lactation died before weaning. Compared with the control 
pups which suffered 13% mortality, the difference in number of pups 
alive at weaning was highly significant (P<0.01). Malnutrition during 
lactation also caused a significant (P^O.05) decrease in the number of 
live weanlings. Malnutrition during gestation resulted in 50% mortality 
in the offspring. The difference in mortality between these offspring 
and the offspring from the control animals was not statistically signif­
icant. The weaning weight of the offspring of rats malnourished during 
gestation was significantly (P^O.Ol) less than the weaning weight of 
the offspring from control rats. Malnutrition during lactation, on the 
other hand, did not affect the weaning weight of the offspring. The 
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Table 6. Mortality and weaning weight in experiment I 
Maternal Adjusted No. of 
dietary no. of pups Mortality Sex Weaning weight 
treatment pups after alive at 
birth weaning 
% g 
M (10)1 40.4+1.48 0 
Control^ 24 21 12.5 40.4+1.03 
F (11) 40.4+1.40 
M (10) 19.8+1.45 
RDI:RDI^ 24 20 16.7 19.9+1.02*: 
F (10) 19.9+1.44 
M (0) — — 
RPIiRPiC 16 0** 100.0 — — 
F (0) 
M (5) 42.0+2.05 
RDI: Control*^ 22 16 27.3 39.8+1.23 
F (11) 37.5+1.38 
M (4) 29.5+2.28 
RPI:Control® 16 8 50.0 28.4+1.61*: 
F (4) 27.3+2.28 
M (4) 23.0+2.28 
Control;RDI^ 24 6* 75.0 22.8+1.98*^ 
F (2) 22.5+3.23 
M (1) 43.0+4.56 
Control:RPlS 24 2* 91.7 40.5+3.23 
F (1) 38.0+4.56 
^No. of animals, here and throughout thesis. 
^Treatment mean + standard error, here and throughout thesis. 
*P<0.05. 
**P<0.01. 
Other significant P values 
No. of pups 
alive at weaning 
b vs f P< 0.05 
Weaning weight 
b vs d P < 0.01 
d vs f P<0.01. 
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Table 7. Mortality and weaning weight in experiment II 
Maternal Adjusted No. of 
dietary no. of pups 
treatment pups after alive at Mortality Sex Weaning weight 
birth weaning 
% g 
M (17) 37.9+0.58 
Control® 32 31 3.1 36.7+0.42 
F (14) 35.5+0.64 
M (10) 25.1+1.00 
RDIrRDI^ 32 12 62.5** 24.5+1.27** 
F (2) 21.5+2.00 
M (5) 32.5+1.06 
RPIiRPI^ 26 9 71.9** 31.9+0.79 
F (4) 31.3+1.17 
M (0) 
RPI:Control° 26 3 88.5** 35.7+1.35 
F (3) 35.7+1.35 
M (8) 22.6+1.21 
Control:RDI® 32 16 50.0* 21.9+0.83** 
F (8) 21.3+0.89 
M (3) 29.1+1.64 
Control:RPI^ 26 14 46.2 27.5+1.08* 
F (11) 25.8+0.92 
*P<0.05. 
**P< 0.01. 
reason for this is probably because only two pups, both coming from the 
same litter, survived until weaned. 
Undernutrition during gestation decreased (12%) the number of live 
weanlings compared with the control weanlings. Undernutrition during 
lactation significantly (P< 0.05) reduced the number of offspring that 
survived up to weaning as compared with controls. Undernutrition during 
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both gestation and lactation, on the other hand, resulted in a decrease 
of only 47o in the number of offspring that survived up to weaning. 
Undernutrition during both gestation and lactation decreased significantly 
(P<0,01) the weaning weight of the offspring. Undernutrition during 
lactation also significantly (P^ 0.01) decreased the weaning weight of 
the offspring. In contrast, the weaning weight of the offspring of rats 
undernourished during gestation was significantly (P^O.Ol) larger than 
the weaning weight of the offspring of rats undernourished either during 
lactation only or during both gestation and lactation. Compared with 
undernutrition, malnutrition resulted in consistently higher mortality 
than undernutrition. 
In experiment II, (Table 7), malnutrition during both gestation 
and lactation resulted in a significantly higher (P^O.Ol) mortality 
in the offspring than in the control offspring. Even when animals were 
malnourished during gestation only, mortality was still significantly 
(P<0.01) higher in the offspring than in the control offspring. Mal­
nutrition during lactation only caused 43% greater mortality in the 
offspring than in the control offspring but this difference was not 
statistically significant. Offspring of rats malnourished during both 
gestation and lactation were 4.8 gm smaller at weaning than weanlings 
from control animals. Although this difference was not statistically 
significant, malnutrition during lactation only resulted in signifi­
cantly (P<0.05) smaller weanlings than the control weanlings. However, 
there was practically no difference in weaning weight between the off­
spring of rats malnourished during gestation and the control offspring. 
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The offspring were only 1 gm smaller than the control offspring at 
weaning. 
As with malnutrition, offspring of rats undernourished during both 
gestation and lactation suffered a significantly higher (P<0.01) 
mortality than the control offspring. Undernutrition during lactation 
also resulted in significantly higher (P<0.05) mortality in the off­
spring than in the offspring of control animals. Weanlings of rats 
undernourished during both gestation and lactation, or only during 
lactation, were significantly (P< 0.01) smaller than the control wean­
lings. Furthermore, weanlings of rats undernourished during lactation 
were 11% smaller than those of rats undernourished during both gestation 
and lactation. 
There was no difference in weaning weight between the male and 
female offspring in experiment I but in experiment II male offspring 
were significantly (P< 0.05) larger' than female offspring. 
Postweaning Growth 
Total body weight gain and final body weight 
Results of total body weight gain and final body weight of the off­
spring fed the control diet ad libitum after weaning until the end of 
the experimental period are shown in Tables 8-13 and Appendix Tables 28-
31. In experiment I, (Table 8), the total body weight gain by the off­
spring of rats malnourished during gestation was 8 gm less than the 
total body weight gain of the control offspring. In contrast, offspring 
of rats malnourished during lactation gained 7 gm more than the control 
offspring. Undernutrition during both gestation and lactation or during 
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* P< 0.05. 
Other significant F values 
Final body weight 
b vs c P< 0.01 
c vs e P < 0.05. 
lactation resulted in decreased total body weight gain compared with 
the total body weight gain of the control offspring. The decrease in 
total body weight gain was much greater in the offspring of rats under­
nourished during lactation only (27 gm) than in the offspring of rats 
undernourished during gestation and lactation (10 gm). The differences 
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treatment Sex Without GH With GH 
g g 
M (3) 108.7 92.3 
Control 96,3 88.5 
F (3) 84.0 84.7 
M (2) 99.5 88.3 
RDI;RDI 86,0 86.7 
F (2) 72.5 85,0 
M (2) 133.5 112,0 
RDI:Control 110.3 101,5 
F (2) 87.0 91.0 
M (1) 90,0 93.0 
RPI:Control 85.5 85.0 
F (1) 81,0 77,0 
M (1) 80,0 77,0 
Control:RDI 75.0 81,5 
F (1) 70,0 86,0 
M (1) 96.0 = wt 
Control:RPI 96.0 93,0 
F (0) - - 93,0 
in total body weight gain between the different groups of offspring 
were not statistically significant. 
Despite the relatively small differences in total body weight gain 
of these animals, there was evidence that growth hormone (Table 9) and 
anterior pituitary extract (Table 10) influenced the body weight gains 
of these animals. The body weight gain of female offspring which 
received growth hormone injections was significantly (P< 0,01) greater 
than the body weight gain of their counterparts which received saline. 
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Table 10, Effect of pituitary extract on the total body weight 
gain in experiment II 
Maternal 
dietary 
treatment Sex Without PE With PE 
g g 
M 62.0 62.3 
Control 50.5 53.2 
F 39.0 44.0 
M 61.0 55.3 
RDI:RDI 47.3 48.8 
F 28.5 42.3 
M 70.5 51.5 
RDI:Control 50.5 46.5 
F 30.5 41.5 
M 61.0 64.0 
RPI:Control 47.0 55.0 
F 33.0 46.0 
M 45.0 52.0 
Control: RDI 33.5 43.5 
F 22.0 37.0 
M 63.0 — — 
Control:RPI 63.0 51,0 
F - - 51.0 
Similarly, when these females on growth hormone treatment were later 
injected with crude pituitary extract, they gained significantly more 
(P^O.Ol) in body weight than their counterparts which received saline. In 
contrast, male offspring which were injected with growth hormone and later 
with crude pituitary extract gained at each instance significantly less 
(P^O.05) in body weight than their counterparts which received saline. 
The combined effect of growth hormone and pituitary extract (Table 11) 
also resulted in a significant difference (P< 0.05) in total body weight 
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gain of the two groups of females. 
Table 11. Combined effect of growth hormone (GH) and pituitary 
extract (PE) on the total body weight gain in experiment I 
Maternal 
dietary Without With 
treatment Sex GH and PE Sex GH and PE 
S S 
M (3) 170.7 M (3) 154.7 
Control 146.8 141.7 
F (3) 123.0 F (3) 128.7 
M (2) 165.5 M (3) 143.7 
RDI:RDI 133.3 135.5 
F (2) 101.0 F (3) 127,3 
M (2) 204.0 M (2) 164.0 
RDI:Control 160.8 148.3 
F (2) 117.5 F (2) 
M (1) 151.0 M (1) 157,0 
RPI;Control 132.5 140.0 
F (1) 114.0 F (1) 123.0 
M (1) 125.0 M (1) 129.0 
Control:RDI 108.5 126.0 
F (1) 92.0 F (1) 123.0 
M (1) 159.0 M (0) — — 
Control: RPI 159.0 144.0 
F (0) F (1) 144.0 
The final body wei^t of the offspring paralleled the total body 
weight gain. Malnutrition during gestation only resulted in the off­
spring weighing 22 gm less than the control offspring. Offspring of 
rats malnourished during lactation only, on the other hand, were 6 gm 
larger than the control offspring. Undernutrition during both gestation 
and lactation or lactation only resulted in a significant (P4 0.05) 
decrease in final body weight of the offspring compared with the control 
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offspring. 
As with total body weight gain, the combined effect of growth 
hormone and pituitary extract on the final body weight of the female 
offspring (Table 12) was that females treated with growth hormone 
and later with pituitary extract were significantly (P<0,05) larger 
than their counterparts which received saline. In contrast, males 
treated with growth hormone and later with pituitary extract were signif­
icantly (P<0.05) smaller than their counterparts which received saline. 
In experiment II, (Table 13), offspring of rats malnourished 
during both gestation and lactation gained as much as the control off­
spring in body weight. Malnutrition during lactation only resulted in 
a decrease of 4 gm while malnutrition during gestation resulted in a 
decrease of 20 gm in the body weight gain compared with the control 
offspring. Similarly, undernutrition during both gestation and lacta­
tion decreased (5 gm) the total body weight gain of the offspring com­
pared with the control offspring. These differences were not statis­
tically significant. Offspring of rats undernourished during lactation, 
however, gained significantly less (P40.01) than the control offspring. 
The trend in body weight gain was also reflected in the final body 
weight of the animals. Offspring of rats malnourished during both 
gestation and lactation were 4 gm smaller than the control offspring. 
The final body weight of the offspring of rats malnourished during 
lactation was 13 gm less than the final body weight of the control off­
spring while the offspring of rats malnourished during gestation only 
was 21 gm less than the control offspring in final body weight. 
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Table 12. Combined effect of growth hormone and pituitary extract 
on the final body weight in experiment I 
Maternal 
dietary Without With 
treatment Sex GH and PE GH and PE 
g g 
M 212.3 196.3 
Control 189,3 183.3 
F 166.3 170.3 
M 189,5 162,7 , 
RDI:RDI 154,8 154.7 
F 120.0 146.7 
M 249.5 200.0 
RDI:Control 204.0 186.3 
F 158.5 172.5 
M 181.0 188.0 
RPI;Control 160.5 168.5 
F 140.1 149.0 
M 151.0 155.0 
Control :RDI 133.0 150.0 
F 115.0 145.0 
M 202.0 ## 
Control: RPI 202.0 182.0 
F 182.0 
Undernutrition during both gestation and lactation resulted in a 
decrease of 17 gm in the final body weight of the offspring compared 
with the control offspring. There was a greater decrease (43 gm) in 
final body weight of the offspring of rats undernourished during lacta­
tion compared with the control offspring. This decrease was significant 
(P<0.01). 
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** P< 0.01. 
Feed intake and feed efficiency 
Feed intake and feed efficiency data are shown in Table 14 and 
Appendix 32. Offspring of rats malnourished during gestation consumed 
5 gm less feed and had 6% higher feed efficiency (body weight gain (gm)/ 
feed consumption (gm)) than the control offspring. Offspring of rats 
malnourished during lactation consumed 60 gm more feed and were just as 
efficient as the control offspring in converting feed into body gains. 
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Table 14. Feed Intake and feed efficiency in experiment I 
Maternal 
dietary 








M (6) 453.3+17.30 21.8+0.98 
455. 4+12. 23 20.8+0.69 
F (6) 437.5+17.30 19.7+0.98 
M (5) 345.4+19.47 23.8+1.10 
332. 6+14. 12** 24 .0+0.80 
F (5) 319.8+19.47 24.2+1.10 
M (4) 563.3+21.18 25.3+1.20 
515. 1+14. 98Vo'c 23 .4+0.85 
F (4) 467.0+21.18 21.5+1.20 
M (2) 440.5+29.96 24.0+1.70 
440. 3+21. 18 22 .0+1.20 
F (2) 440.0+29.96 20.0+1.70 
M (2) 364.5+29.96 29.0+1.70 
384. 0+21. 18** 25 .5+1.20 
F (2) 403.5+29.96 22.0+1.70 
M (1) 493.0+42.37 23.0+2.40 
504. 5+29. 96 21 .0+1.70 
F (1) 516.0+42.37 19.0+2.40 
** P< 0.01. 
Other significant P values 
Feed Intake 
b vs c P < 0.01 
c vs e P < 0.01 
e vs f P< 0.01. 
In contrast, offspring of rats undernourished during both gestation and 
lactation consumed significantly less (P4 0.01) feed and had 15% higher 
feed efficiency than the control offspring. Offspring of rats under­
nourished during lactation, on the other hand, consumed significantly 
(P<0.01) less feed but had 23% higher feed efficiency than the control 
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offspring. Offspring of rats undernourished during gestation consumed 
significantly more feed (P<0,01) and had 13% higher feed efficiency. 
Body composition 
Results on body composition of animals injected with saline are 
presented in Table 15 and Appendix Tables 33 and 34. On a percentage 
basis, malnutrition during gestation resulted in 4% less carcass moisture 
but 3% more protein and 8% less fat than in the carcass of the control 
offspring. Offspring of rats malnourished during lactation had 6% less 
moisture, 9% less protein but 27% more fat in their carcass as compared 
with offspring of control rats. These differences were not statistically 
significant. Undernutrition during gestation and lactation resulted in 
a significant increase (P<0.05) in percent carcass moisture but 10% 
less protein and 31% less fat than in the carcass of the control off­
spring. Undernutrition during gestation resulted in significantly less 
carcass moisture (P<0.01) 9% more protein and 33% more fat than the 
carcass of the control offspring. Similarly, offspring of rats under­
nourished during lactation had significantly less (P<0.05) carcass 
moisture, 6% more protein and 9% more fat than the carcass of the con­
trol offspring. 
Muscle RNA and DNA 
Results of muscle RNA and DNA analyses in experiment II are presented 
in Tables 16 and 17 and Appendix Tables 35 and 36. Malnutrition during 
lactation (Table 16) resulted in a significant decrease (P< 0.01) in 
RNA concentration in the gastrocnemius muscle of the offspring compared 
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Table 15. Percent body composition of animals injected with 
saline in experiment I 
Maternal 
dietary 
treatment Sex Moisture Protein Fat 
% % % 
M (3) 68 .3+1. 83 20 .6+0. 63 9 . 6+1 30 
Control 68 2+1 .29 20 7+0. 44 10 1+0 92 
F (3) 68 . 1+1 83 20 .8+0 63 10 .7+1 30 
M (2) 69 .7+2. 24 19 .7+0. 77 8 .2+1 60 
RDIrRDI 72 1+1 .58* 18 .6+0. 54 7 0+1 13 
F (2) 74 .5+2. 24 17 .5+0. 77 5 .8+1 60 
M (2) 57 .5+2. 24 22 .5+0. 77 15 .6+1 60 
RDI .-Control 59 6+1 . 58** 22 .6+0. 54 13 4+1 13 
F (2) 61 .7+2. 24 22 .8+0. 77 11 .2+1 60 
M (1) 66 .8+3. 17 19 .2+1. 09 12 .5+2 23 
RPI;Control 65 7+2 .24 21 .4+0. 77 10 9+1 60 
F (1) 64 .5+3. 17 23 .6+1. 09 9 .3+2 23 
M (1) 63 .4+3. 17 22 .9+1. 09 10 .4+2 26 
Control;RDI 63 4+2 .24* 21 .9+0. 77 11 1+1 60 
F (1) 53 .5+3. 17 20 .8+1. 09 11 .7+2 26 
M (1) 64 .4+3. 17 18 .8+1, 09 12 .8+2 26 
Control:RPI 64 4+3 .17 18 8+1. 09 12 8+2 26 
F (0) - -
* P< 0.05. 
** P< 0.01. 
with the muscle RNA in the control offspring. Malnutrition during ges­
tation, on the other hand, resulted in an increase (0.03 mg/gm) in RNA 
concentration in the muscle of the offspring. Furthermore, there was 
a significant increase (p4 0.01) in the muscle RNA concentration of the 
45 
Table 16. Muscle RNA and DNA concentration in experiment II 
Maternal 
dietary Muscle 
treatment Sex weight RNA DNA 
S m g/g tng/g 
M 1 .22 1.33+0.04 0.72+0. 02 
Control^ 1,28 1 .27+0.03 0.67+0.02 
F 1 .36 1.21+0.04 0.61+p. 02 
M 1 .43 1.06+0.06 0.55+0. 03 
RDIzRDI^ 1.40 1 .04+0. 07'i :ÎV 0.52+0.04** 
F 1 .25 1.03+0.13 0.49+0. 07 
M 1 .31 1.36+0.07 0.70+0. 04 
RPIiRPlC 1.37 1 .34+0. 05** 0.65+0.03* 
F 1 .45 1.32+0.08 0.60+0. 04 
M _ _  
RPI: Control'^ 1.07 1 .30+0. 09 0.60+0.05* 
F 1 .07 1.30+0.09 0.60+0. 05 
M 1 .11 1.00+0.08 0.52+0. 04 
Control:RDI® 1.15 1 .04+0. 06** 0.51+0.03** 
F 1 .19 1.08+0.06 0.50+0. 03 
M 1 .90 1.25+0.11 0.56+0. 06 
Control:RPI^ 1.60 1 .18+0. 08** 0.54+0.04** 
F 1 .51 1.12+0.06 0.51+0. 03 
* P< 0.05. 
** P< 0.01. 
Other significant P values 
RNA DNA 
b vs c P< 0.01 
c vs f P< 0.01 
d vs f P^ 0.01 
e vs f P< 0.01 
b vs c P< 0.01 
c vs f P<, 0.01 
e vs f P40.01 
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tng mg mg 
M 1.59+0.09 0.84+0.04 1.90+0.07 
Control* 1.60+^0.06 0.82+0.03 1.97+0.05 
F 1.62+0.09 0.79+0.04 2.05+0.07 
M 1.66+0.12 0.85+0.05 1.98+0.09 
RDIrRDI 1.72+0.15 0.84+0.07** 2.06+0,12** 
F 1.78+0.26 0.84+0.12 2.13+0.20 
M 1^63+0.15 0.76+0.07 2.03+0.12 
RPI:RPI^ 1.73+0.11 0.78+0.05* 2.16+0.09** 
F 1.83+0.17 0.80+0.08 2.29+0.13 
RPI: Control*^ 
M 
1.31+0.19 0.61+0.09** 2.14+0.15 




1.23+0.12** 0.60+0,05** 2.06+0.09** 




1.83+0.15** 0.82+0,07 2,20+0,12** 
1.54+0.13 0,74+0,06 2.13+0.20 
* P< 0,05. 
** F< 0.01. 
Other significant P values 
Total RNA 
e vs f P< 0.01 
Total DNA 
b vs c P<0,01 
b vs e P<0,01 
c vs d P<0,01 
c vs f P,<0.05 
d vs f P< 0.01 
e vs f P<0,01 
Total RNA 
Total DNA 
e vs f P< 0.05. 
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offspring of rats malnourished during both gestation and lactation 
compared with the control offspring. The difference in muscle RNA 
concentration between the offspring of rats malnourished during both 
gestation and lactation and the offspring of rats malnourished during 
gestation was significant (P^O.Ol). Similarly, the difference in 
muscle RNA concentration between the offspring of rats malnourished 
during both gestation and lactation and the offspring of rats mal­
nourished during lactation was also significant (P<0.01), In contrast 
to RNA concentration, total RNA in the muscle of the offspring of rats 
malnourished during lactation was significantly (P< 0.01) greater than 
the total RNA in the muscle of the control offspring. Also, total RNA 
in the muscle of the offspring of rats malnourished during both gesta­
tion and lactation was 0.13 mg more than in the muscle of the control 
offspring. This increase, as well as the 0.3 mg decrease in total RNA 
in the muscle of the offspring of rats malnourished during gestation, 
compared with the total RNA in the muscle of the control offspring, was 
not statistically significant. 
Undernutrition during gestation and lactation or only during 
lactation significantly (P<0.01) reduced the muscle RNA concentration 
in the offspring compared with the muscle RNA concentration in the con­
trol offspring. When compared with muscle RNA concentration in the 
offspring of rats malnourished during lactation, muscle RNA concentra­
tion in the offspring of rats undernourished during lactation was signif­
icantly decreased (P<0.01). Although total RNA in the muscle (Table 17) 
of the offspring of rats undernourished during both gestation and lacta­
tion was greater (0,12 mg) than the total RNA in the muscle of the 
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control offspring, offspring of rats undernourished during lactation 
had significantly lower (P^O.Ol) total RNA in their muscle than in 
the muscle of the control offspring. 
Malnutrition either during gestation or during both gestation and 
lactation resulted in a significant decrease (P^ 0.05) in muscle DNA 
concentration in the offspring. Also, there was a significant decrease 
(P<0.01) in muscle DNA concentration in the offspring of rats mal­
nourished during lactation only compared with the muscle DNA concentra­
tion in the control offspring. As with DNA concentration, there was a 
decrease (0.03 mg) in total DNA in the muscle of the offspring of rats 
malnourished during both gestation and lactation and also a significant 
(P^O.Ol) decrease in the total DNA in the muscle of the offspring of 
rats malnourished during gestation when compared with the total DNA in 
the muscle of the control offspring. There was, however, no difference 
in total DNA in the muscle of the offspring of rats malnourished during 
lactation and the total DNA in the muscle of the control offspring. 
Undernutrition during both gestation and lactation or during 
lactation only significantly decreased (P<0.01) the muscle DNA concen­
tration in the offspring compared with the control offspring. Although 
the total DNA in the muscle of the offspring of rats undernourished 
during lactation was significantly less (P^O.Ol) than the total DNA in 
the muscle of the control progeny, the total DNA in the muscle of the 
offspring of rats undernourished during both gestation and lactation 
was significantly greater (P< 0.01) than in the control progeny. 
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Protein synthesis as indicated by RNA/DNA ratios was greater in 
the gastrocnemius muscle of the offspring of experimental animals than 
in the control offspring. Malnutrition during both gestation and lacta­
tion or during lactation only resulted in a significant (P^O.Ol) 
increase in protein synthesis compared with the control offspring. 
Malnutrition during gestation only also resulted in a greater muscle 
protein synthesis compared with the control offspring, but the difference 
in protein synthesis was not statistically significant. Similarly, 
undernutrition during both gestation and lactation or during lactation 
only significantly (P<0.01) increased protein synthesis in the off­
spring compared with the control offspring. Furthermore, muscle protein 
synthesis in the offspring of rats undernourished during lactation was 
significantly (P^ 0.01) less than muscle protein synthesis in the off­
spring of rats malnourished during lactation. Muscle cell size (Table 
18) was larger in all experimental offspring than in the control off­
spring. The difference in cell size varied from 10.7% in the offspring 
of rats undernourished during both gestation and lactation to 12.5% in 
the offspring of rats malnourished during lactation only. 
Insulin and growth hormone 
Results of insulin and growth hormone determinations are shown in 
Tables 19-22 and Appendix Table 37. Although differences in plasma 
insulin level (Tables 19 and 20) between the experimental offspring and 
the control offspring were significant (P<0.05) as shown by the F-test 
(Appendix Table 37), it is difficult to give any biological importance 
to the insulin levels since they were determined after fasting the animals. 
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Table 18, Muscle cell number and cell size in experiment 11^ 
Maternal 
dietary 
treatment Sex Cell number^ Cell size2 
millions ng 
M 135.5 9.0 
Control 132.2 9.7 
F 127.5 10.7 
M 137.1 10.4 
RDI:RDI 135.5 10.3 
F 135.5 9.2 
M 122.6 10.7 
RPI:RPI 125.8 10.9 
F 129.0 11.2 
M 
RPI: Control 98.4 10.9 
F 98.4 10.9 
M 96,8 11.5 
Control:RDI 96.8 11.9 
F 96.8 12.3 
M 151.6 12.5 
Control:RPI 132.2 12.1 
F 119.3 12.7 
^These figures are based on determinations of total gastrocnemius 
muscle DNA employing the following formulae (Enesco and Leblond, 1962): 
Number of nuclei (millions) = total organ DNA(mg) X 10^ 
(cell number) 6.2 
Weight/nucleus (ng) = total organ wt. (gm) X 10^ 
(cell size) No. of nuclei (millions) 
^Arithmetic means. 
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Table 19. Plasma insulin^ of animals injected with saline in 
experiment I 
Maternal dietary 





















In experiment I, growth hormone levels in the plasma and pituitary 
of the offspring of rats injected with saline throughout the experimental 
period were determined to find out the trend, if any, between the 
hormone level and the final body weight of the offspring. In general, 
there was a trend (Table 21) towards a decrease in both plasma and 
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Table 20. Plasma insulin in experiment II 
Maternal dietary 





































pituitary levels of growth hormone in the experimental offspring com­
pared with the control offspring. 
In experiment II, offspring of rats malnourished during lactation 
(Table 22) had significantly lower (P4.0.01) plasma but significantly 
higher (P<0.01) pituitary growth hormone levels than the control off­
spring. Malnutrition during gestation resulted in a decrease (9.9 ng/ml) 
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Table 21. Growth hormone levels^ of animais injected with saline 
in experiment I 
Maternal 
dietary Plasma Pituitary (pit.) 
treatment Sex GH GH 
ng/ml #ig/p it. 
M 41.3 378.3 
Control 28.4 302,5 
F 15,6 226.6 
M 12.7 185.5 
RDI:RDI 35.6 158,5 
F 58.5 131.5 
M 22.3 68.0 
RDI:Control 19.0 48,0 
F 15.8 38.0 
M 7.4 68.0 
RPI: Control 10.8 52.0 
F 14.1 36.0 
M 14.6 55.0 
Control:RDI 20.8 42.5 
F 27.0 330.0 
M 19.0 40.0 
Control;RPI 19.0 40.0 
F - - -  -
Arithmetic means. 
in plasma level but an increase (8.7^g/pit.) in pituitary level of 
growth hormone in the offspring compared with corresponding levels in 
the control offspring. In contrast, malnutrition during gestation and 
lactation resulted in an increase (6.4 ng/ml) in plasma growth hormone 
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Table 22. Growth hormone levels in experiment II 
Maternal 
dietary Pituitary 
treatment Sex Plasma GH weight Pituitary GH 
ng/ml mg pg/pit. 
M 12 .7+4.03 4.94 211.2+18.92 
Control® 16. 7+2 .86 5. 27 208.0+13.45 
F 20 .6+4.18 5.64 204.9+19.61 
M 9 .3+5.31 4.72 195.5+24.92 
RDI:RDlb 13. 4+7 .02** 4. 73 222.9+32.97 
F 17 .5+12.11 4.80 250.4+56.8 
M 22 .6+6.96 5.06 172.2+32.67 
RPI:RPlC 23. 1+5 .19 5. 78 169.5+24.35 
F 23 .6+7.69 6.68 166.9+36.12 
M 
RPI; Control*^ 6. 8+8.89 5. 63 216.7+41.71 
F 6 .8+8.89 5.63 216.7+41.71 
M 5 .2+7.99 3.63 119.6+37.50 
Control:RDI® 4. 4+5 .4** 4. 39 159.4+25.54** 
F 3 .6+5.85 5.15 199.3+27.46 
M 7 .99+10.76 5.37 254.0+50.5 
Control:RPI^ 11. 4+7 .07** 5.64 243.6+33.18** 
F 14 .85+6.07 5.71 233.2+28.48 
** P^O.Ol. 
Other significant P values 
Plasma GH Pituitary GH 
b vs c P< 0.05 
b vs e P<0,05 e vs f P^O.05 
c vs d P< 0,05 
c vs f P < 0,05. 
55 
level but a decrease (37.5 /ig/pit.) in the pituitary growth hormone 
level compared with the corresponding levels in the control offspring. 
These differences, however, were not statistically significant. 
Offspring of rats undernourished during both gestation and lacta­
tion had a lower plasma (3.3 ng/ml), but a higher pituitary (14,9 /ig/ 
pit.), growth hormone level than the control offspring. Offspring of 
rats undernourished during lactation, however, had significantly lower 
(P<0.01) plasma and pituitary growth hormone levels than the control 
offspring. When compared with the offspring of rats undernourished 
during both gestation and lactation, offspring of rats undernourished 
during lactation was 9.0 ng/ml lower in plasma growth hormone level 
and 63.5 ug/pit, lower in pituitary growth hormone level. The differ­
ence in plasma growth hormone level between these two groups of off­
spring was significant (P<0.05). 
Correlations 
The correlations between the different growth parameters used in 
experiment II are presented in Table 23. Correlations between weaning 
weight and final body weight (r = 0.615), between weaning weight and 
total RNA in muscle (r = 0.339) and between weaning weight and total 
DNA in muscle (r = 0.427) were all positively significant (P< 0.01). 
Also, correlation between weaning weight and pituitary growth hormone 
level was significantly positive (P<0.05). The final body weight was 
positively correlated with total RNA in muscle (r = 0.713, P<0.01), 
total DNA in muscle (r = 0.360, P<0.01) and pituitary hormone (r = 0,557, 
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Lively correlated (r = 0.361, P<0.01), 
RNA concentration in muscle was positively (r = 0,580, P^O.Ol) 
correlated with DNA concentration in muscle. Total RNA in muscle was 
negatively correlated with DNA concentration in muscle (r = 0,460, 
P^O.Ol) but was positively correlated with total DNA in muscle (r = 0.798, 
P^O.Ol), total RNA/total DNA in muscle (r = 0.656, P< 0.01) and with 
pituitary growth hormone (r = 0.406, P4 0.01). DNA concentration in 
muscle was negatively correlated with total RNA/total DNA (r = -0,689, 
P ^ 0.01). Also, the positive correlations between total DNA in muscle 
and pituitary growth hormone level was significant (P^O.Ol). There 
were no significant relationships between plasma and pituitary growth 
hormone levels or between plasma growth hormone levels and the various 




In general, malnutrition during gestation in rats resulted in 
decreased litter size, decreased number of live pups at birth and in­
creased stillbirth in the offspring. These findings are similar to 
those reported by other research workers (Nelson and Evans, 1953; 
Ambegoakar and Chandra, 1959). Impaired implantation, fetal resorp­
tions and early fetal death are some of the salient features of poor 
reproductive performance in animals (Nelson and Evans, 1953). All of 
these factors could be implicated in the poor reproductive performance 
of the malnourished rats. Thus, while fetal resorptions and impaired 
implantation could conceivably reduce the litter size, early fetal death 
possibly resulting from insufficient nutrient supply from the mother to 
the fetus, could be responsible for the higher percentage of stillbirth 
in the offspring of the malnourished animals than in the offspring of 
the control animals. The reason for the relatively high incidence of 
stillbirth in the control animals, however, is not known. It is dif­
ficult to attribute this high stillbirth to overeating since the birth 
weight of the offspring of control rats was not different from the birth 
weight of the offspring of malnourished rats. If the control offspring 
had been considerably larger than the offspring of the malnourished rats 
complications arising out of such a situation during parturition could 
have been a plausible explanation. It seems certain, however, that the 
higher incidence of stillbirth in the malnourished animals was related 
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to the low level of protein in the diets. 
The effect of undernutrition during gestation on the reproductive 
performance appears a little more interesting than the effect of 
malnutrition. Significant in this respect is the difference in birth 
weight between the control offspring and the offspring of the under­
nourished animals in both experiments I and II. In experiment I, birth 
weight was not affected by undernutrition, whereas, in experiment II, 
there was a remarkable reduction in the birth weight of the offspring 
of undernourished animals compared with the control offspring. The dif­
ference in this respect might be explained by differences in the strains 
of rat used and their reaction to the diet. When Eagleston and Krebs 
(1969) fed three commercial "stock" diets to strains of rats originating 
from the original Wistar rats, they observed both diet and strain 
differences which they attributed to large differences produced in the 
activity of glycolytic enzymes. They pointed out that differences in 
enzyme activities of strains derived from the original Wistar strain, 
and the effects of minor undefinable variations in the stock diets are 
of importance when comparisons are made between measurements carried 
out at different laboratories or at different times. In general, under­
nutrition during pregnancy resulted in decreased litter size, decreased 
birth weight and increased incidence of stillbirth in the offspring. 
Similar results have been reported by other workers (Chow, 1964; Chow 
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and Lee, 1964). 
Weaning Performance 
Malnutrition during gestation or lactation or both resulted in 
higher mortality rate in the offspring than in the control offspring. 
As expected, mortality was highest in the offspring of rats malnourished 
during both gestation and lactation. The few pups that survived up to 
weaning were smaller than the control weanlings, even though there was 
practically no difference in birth weight between these offspring and 
the control offspring. Similar observations have been made by Shaw and 
Griffiths (1963). 
The high mortality rate along with the low weaning weight of the 
offspring of rats subjected to malnutrition during both gestation and 
lactation could be attributed to inadequate milk production by the 
mother rats. Protein restriction during gestation and lactation in the 
rat has been shown to quantitatively affect lactation (Nelson, 1959; 
Venkatachalam and Ramanathan, 1964). As proposed by Venkatachalam and 
Ramanathan (1964) the low protein diet fed during gestation might have 
aggravated the deleterious influence on growth brought about by insuf­
ficient milk during the early weeks of life. 
The weaning weight of the offspring of rats malnourished during 
lactation in experiment I was the same as that of the control offspring. 
This could be attributed to the very small number of pups (2) in this 
group of animals that survived up to weaning. It would appear that the 
mother rat to which the two surviving offspring belonged was, in spite 
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of the imposed malnutrition, able to secrete enough milk for these off­
spring. In support of this hypothesis, Heggeness et (1961) reported 
that availability of milk supply markedly influenced rate of weight 
gain in preweaning animals. Furthermore, Widdowson and McCance (1960) 
reported that animals from small litters (3 to 4) gained weight more 
rapidly in the preweaning period than animals from large litters (15 to 
18). However, in experiment II where mortality (46%) of the offspring 
from rats malnourished during lactation only was not as high as in 
experiment I (91.7%) and more offspring survived up to weaning, the 
weaning weight of the offspring was distinctly inferior to that of the 
offspring of rats malnourished during gestation only. This difference 
might be related to the higher protein content (10%) of the restricted 
protein diet in experiment II compared with the 7%% protein content of 
the same diet used in experiment I. 
Undernutrition during gestation or lactation or both resulted in 
higher mortality rate in the offspring compared with the control, the 
highest mortality being suffered by the offspring of rats undernourished 
during lactation only. The high mortality rate in these animals could 
be related to one or two factors. First, protein and energy deficiency 
induced by limiting the dietary intake of the mother rats would reduce 
the quantity of milk produced. Secondly, the offspring themselves 
might lack enough energy to suckle their dams. A combination of these 
two factors would greatly retard the growth of the offspring. The 
smaller weaning weight of the offspring of undernourished rats compared 
with control offspring supports this theory. 
! 
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The relatively greater weaning weight of the offspring of rats 
undernourished during both gestation and lactation in experiment II 
compared with the weaning weight of the same group of offspring in 
experiment I might be attributed to the disproportionate number of 
male weanlings (10) to female weanlings (2) in experiment II, whereas 
there were as many males as females (10) in the same group of offspring 
in experiment I. The relatively larger weaning weight of the offspring 
of rats undernourished during both gestation and lactation compared 
with the weaning weight of the offspring of rats undernourished during 
lactation in experiment II on the other hand, could be the result of 
some nutritional and physiological adaptations to the relatively 
chronic but moderate nutritional deficiency suffered by the mother 
rats. Retention of protein in pregnancy as a result of metabolic 
alterations has been known for a long time (Beaton e^ £l., 1954; 
Hunscher et al., 1935). Beaton (1961) suggested that this protein 
retention appeared to be accomplished by a decreased excretion of pro­
tein, reflecting an increased economy of utilization of whatever 
nutrients are available. According to him, these metabolic alterations 
might be under hormonal control. The discovery of an increased amount 
of a growth promoting substance in the blood of pregnant rats (Contopoulos 
and Simpson, 1957) supports this hypothesis. That practically no dif­
ference existed between the control offspring and the offspring of rats 
undernourished during gestation only indicates that undernutrition during 
gestation only had no effect on the preweaning growth of the offspring. 
In general, the relatively higher mortality rate coupled with the 
relatively larger weaning weight of the offspring of malnourished 
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animals compared with the relatively lower mortality rate and the rela­
tively smaller weaning weight of the offspring of undernourished 
animals suggests that malnutrition either during gestation or lactation 
or both has greater adverse effect on the survival value of the off­
spring than undernutrition and that undernutrition affects growth rate 
more adversely than malnutrition. 
Postweaning Growth 
Further evidence in support of the foregoing is provided by the 
differences in the final body weight of these animals. The weight 
advantage present at weaning in the offspring of malnourished rats over 
the offspring of undernourished rats was maintained throughout the 
postT'.'ofining period of study. Similar observations have been made by 
several wuckcza (Widdowson and McCance, 1960; Chow, 1964; Chow and Lee, 
1964; Blackwell £t al., 1968). Offspring of rats undernourished during 
lactation remained consistently more stunted than those of rats under­
nourished during both gestation and lactation, indicating that under­
nutrition during lactation retarded postnatal growth of the offspring 
more than undernutrition during both gestation and lactation. 
The marked increase in body weight gains of the female rats injected 
with growth hormone and pituitary extract agrees well with the widely 
reported increased body weight obtained by injecting suitable prepara­
tions of growth hormone into intact or hypophysectomized animals 
(Young, 1945; Li ejt , 1949; Chow and Lee, 1964) and that the removal 
of pituitary gland in most animal species leads to loss in body weight 
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(Lee and Ayres, 1936). There was, however, a marked depression in 
growth of the male animals injected with growth hormone and pituitary 
extract. The depression in body weight gain observed in the male rats 
might have been due to the development of anti-hormonal antibodies. 
Anti-hormonal antibody effect in rats injected with human growth hor­
mone has been reported (Moudgal and Li, 1961) and in guinea pigs and 
rabbits injected with bovine growth hormone (Hayashida and Li, 1958). 
But since a failure to demonstrate the presence of these anti-hormonal 
antibodies in rats has also been reported (Emerson and Emerson, 1960), 
the exact reason for the depressed growth in the male rats remains to 
be known. 
The feed intake data in experiment I indicate that the larger 
animals at weaning tended to consume more feed and gain faster in body 
weight than the smaller, slow gaining animals. 
The general observation that there was essentially no difference 
between the control and the experimental offspring in body composition 
agrees with the reports of other workers on young rats (Widdowson and 
McCance, 1957), on adult rats (Stanier, 1957) and on mice (Robinson 
and Lambourne, 1970). 
The consistent reduction in muscle DNA concentration in the off­
spring of all experimental animals parallels the growth stuntedness 
observed in the animals. The reduction in the DNA concentration, how­
ever, did not occur to the same extent in the offspring of all experi­
mental animals in that there was less reduction in muscle DNA in the 
offspring of malnourished animals than in the offspring of under­
nourished animals. More importantly, there was a trend towards less 
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DNA content (cell number) in the muscle of experimental offspring com­
pared with the control offspring. The higher DNA content in the off­
spring of animals undernourished during both gestation and lactation 
might be related to the weight of the muscle. Enesco and Buddy (1964) 
reported that growth in mammalian tissue may occur by cell enlargement, 
increase in cell number and increase in intercellular material. They 
attributed an increase in muscle weight in rats as much to increase in 
the size of muscle fibers (which make up 85% of the muscle) as to the 
amount of endomysium (10%) and perimysium (5%) which are both consti­
tuents of muscle connective tissue. It might be then that the larger 
muscle of the offspring of rats undernourished during both gestation and 
lactation contained relatively more connective tissue than the muscle 
of the control offspring. Furthermore, the total muscle cell number as 
calculated from the quantity of DNA per muscle would include the cells 
of muscle fibers as well as those of the connective tissue. The same 
explanation may hold true for the muscles of the offspring of rats 
malnourished during lactation which showed no difference in cell number 
from the muscle of the control offspring. It is also possible that 
there were some nutritional and physiological adaptations by the dams 
as well as the offspring of rats undernourished during gestation and 
lactation to the extended dietary intake restriction imposed on the dams 
from gestation to lactation. Retention of protein in pregnancy as a 
result of metabolic alterations has been reported in rats (Beaton et £l,, 
1954) and in humans (Hunscher e^ £l,, 1935). 
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The greatly reduced muscle cell number in the offspring of animals 
undernourished during lactation indicates that restricting dietary 
intake of rats during lactation impaired the cell multiplication process. 
Caloric insufficiency might have been the primary factor in the impair­
ment of the cell multiplication process since the dietary intake of the 
animals in this group was only one half the intake of the control 
animals. It has been abundantly demonstrated (Winick and Noble, 1966; 
Mendes and Waterlow, 1958; Montgomery ejt al^., 1964; Elliot and Cheek, 
1968) that the extent of cell multiplication, which together with cell 
size determines the ultimate stature of an animal, is dependent on 
caloric intake. The greatly reduced cell number along with the high 
degree of growth stuntedness observed in the offspring of rats under­
nourished during lactation agrees well with the finding of Winick and 
Noble (1966) that early malnutrition in the rat impeded cell division 
from which the animals did not recover. Restricting protein intake of 
the animals during gestation and lactation or during lactation did not 
appear to affect cell multiplication in the offspring. Little, if any, 
biological value can be placed on the low muscle DNA content in the 
offspring of rats malnourished during gestation partly because of the 
small numbers of animals involved and partly because all of the three 
animals were females. 
The higher muscle RNA content along with the higher cell number in 
the offspring of rats malnourished or undernourished during both gesta­
tion as well as in the offspring of animals malnourished during lacta­
tion may mean that the varying degrees of growth stuntedness observed 
in these animals were primarily due to protein deficiency. The protein 
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deficiency might have impaired protein synthesis in these animals, 
thereby reducing the cell size of the animals initially but also allow­
ing cell multiplication process to continue. Hence, these animals 
appeared to have recovered considerably in cell size during the post-
weaning repletion. This hypothesis, supported by the relatively 
greater compensatory growth in these animals compared with the off­
spring of rats undernourished during lactation, is based on the calcu­
lations of the quantity of protein in the dietary intake of the mother 
rats. The calculations revealed that animals restricted in dietary 
intake consumed only 1.5 gm protein for every 10 gm of the control 
diet while those on the low protein diet (10%) protein consumed only 
1 gm protein for every 10 gm of the diet. Mendes and Waterlow (1958) 
reported that factors interfering with protein synthesis (e.g., protein 
deficiency) will cause reduction in cell size, but that cell multipli­
cation may continue if caloric intake is not severely reduced. Never­
theless, the hi^er SNA content in the muscles of the experimental 
offspring from these animals compared with the control offspring agrees 
with the reports of increased RNA synthesis following repletion in rats 
(Howarth, 1968) and mice (Robinson and Lambourne, 1970) which had been 
restricted in dietary intake. 
The larger muscles in these animals compared with the control off­
spring reflect the degree of compensatory growth which usually results 
when malnourished or undernourished animals are fed adequate diet. 
Further evidence for this compensatory growth phenomenon is found in 
the relative disappearance of the differences between the groups of off­
spring when the DNA and RNA were expressed as quantity per muscle rather 
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than concentration. Furthermore, the larger cell size along with larger 
muscle in these animals compared with the control offspring agrees with 
the finding of Waterlow and Mendes (1957) that there was a 45% increase 
in muscle cell mass of malnourished children after repletion. 
The larger gastrocnemius muscle weight in the same groups of 
experimental animals may be attributed to the greater cell size, RNA 
content and protein synthesis as indicated by the RNA/DNA in the muscles 
of the animals. The possibility of the muscle in these replenished 
animals containing larger amount of water as well as greater amount of 
connective tissue should not be overlooked. It is, however, difficult 
to understand why these animals with larger gastrocnemius muscle than 
the control offspring remained stunted relative to the control offspring. 
This is more puzzling if it assumed that the weight of the gastrocnemius 
muscle is representative of the weight of the total body musculature 
and the equation M = 0.45wl'00 (Huxley, 1932) showing the proportaional-
ity of muscle weight to the body weight is accepted. 
As with the cellular response in the offspring to malnutrition or 
undernutrition of the mother rats during gestation or lactation or both, 
the growth hormone levels paralleled the final body weight of the 
animals. Thus, except in the offspring of rats malnourished during 
both gestation and lactation which were also the least stunted of the 
experimental offspring, the plasma growth hormone levels of the experi­
mental animals were reduced in a somewhat direct proportion to the final 
body weight of the animals. Significant in this respect is the lowest 
plasma growth hormone level (4.4 ng/ml) in the offspring of rats under­
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nourished during lactation only which were also the most stunted of the 
animals. 
The general increase in pituitary growth hormone content along with 
the general decrease in plasma growth hormone concentration observed in 
this study, as well as that observed by Trenkle (1970b), suggests a 
reduced synthesis and/or secretion of the growth hormone releasing 
factor from the hypothalamus, but not a marked decrease in synthesis of 
growth hormone, in these animals. After starving male rats for five 
days (Meites and Fiel, 1965) and for seven days (Dickerman e_t a]^., 1969), 
it has been shown that there was a reduction in hypothalamic concentra­
tion of growth hormone releasing factor. 
The reduction in both plasma and pituitary growth hormone levels 
observed in the offspring of rats undernourished during lactation sug­
gests that growth hormone synthesis had been reduced. The reduced 
plasma and pituitar y growth hormone levels observed in this study 
therefore, agrees with the findings of Srebnick e_t al^. (1959) who 
reported that feeding protein deficient rats for five weeks reduced the 
amount of growth hormone in the anterior pituitary and plasma. Similar 
observations have also been made by Trenkle (1970b) after starving rats 
for 163 hours. These results indicate that restricting the dietary 
intake of the dams during lactation had a permanent adverse effect on 
the anterior pituitary glands of the offspring. 
In general, male rats had lower plasma but higher pituitary growth 
hormone level than the female rats. Female rats, on the other hand, 
had higher plasma but lower pituitary growth hormone level than male 
rats. This difference between male and female in growth hormone levels 
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has also been reported by Trenkle (1970b), and by Birge al. (1967) 
who proposed that the gonadal hormones accounted for this difference. 
The higher plasma level along with lower pituitary level of growth 
hormone observed in this study as well as by others (Birge et , 1967; 
Schalch and Reichlin, 1966; Trenkle, 1970b) suggests greater secretion 
of growth hormone in females than in males. The observation in this 
study that male rats had consistently smaller anterior pituitaries than 
the female rats has also been made by Trenkle (1970b). 
Further evidence for the direct relationship between the amount of 
growth hormone and the growth of the animal is provided by the highly 
positive correlation between the weaning weight and pituitary growth 
hormone, between the final body weight and pituitary growth hormone and 
also between the weaning weight and the final body weight. The growth 
promoting ability of growth hormone has been known a long time. Removal 
of the pituitary gland is followed, in most species of animals, by 
cessation of growth in the young and loss of body weight in the adult. 
The loss of body weight is accompanied by loss of protein (Lee and 
Ayres, 1936) as well as of other body components. Furthermore injection 
of suitable preparations of growth hormone into intact or hypophysecto-
mized animals results in an increase in the water, and protein content 
of the body and a loss of fat (Young, 1945; Li £t £l,, 1949). The 
positive correlation between pituitary growth hormone level and weaning 
weight on the one hand and between pituitary growth hormone level and 
the final body weight of rats on the other hand, agree with the report 
by Baird et al, (1952) that the pituitary glands of faster growing strain 
of pigs contained significantly more growth hormone (per unit of gland 
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tissue) than did the glands of the slower growing strain. 
The correlation between pituitary growth hormone level and muscle 
total RNA was highly positive. Increases in RNA synthesis in skeletal 
muscle of rats receiving growth hormone has been demonstrated. Admini­
stration of growth hormone to hypophysectomized rats increased the 
yield (ug of RNA/rat) and activity (transfer of labelled amino acid 
from s-RNA to protein/mg of RNA) of ribosomes from thigh muscle (Florini 
and Breuer, 1966). 
There was also a highly positive correlation between pituitary 
growth hormone and muscle total DNA. Winick and Noble (1965) have 
found in the rat a progressive increase in DNA content for individual 
organs and the whole animal from 10 days after conception to at least 
13 days postnatal. That nuclei also proliferate in cells during this 
period seems certain from observations of mitosis in the muscle fibers 
(MacConnachie £t al^., 1964). Like the increase in muscle mass, this 
proliferation of nuclei appears to be dependent on the pituitary gland. 
The recent studies of Beach and Kostyo (1968) and Cheek and Graystone 
(1969) have clearly shown that hypophysectomy performed at 3 weeks of 
age prevents the doubling of DNA content in different muscles of rat 
and that with injections of growth hormone the amount of DNA in each 
muscle was elevated. 
Both the total RNA and total DNA in muscle were each highly posi­
tively correlated with the weaning weight as well as with the final 
body weight. This positive correlation would be expected since pituitary 
growth hormone is correlated positively with both the weaning weight and 
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the final body weight on the one hand and with total DNA and total RNA 
in muscle on the other hand. Besides, if the thesis that growth can be 
regarded as the accretion of protein and that the size of any individual 
cell is limited (Enesco and Leblond, 1962) is accepted, then growth is 
essentially related to the increase in number of cells as well as to the 
size of cells (Cheek and Cook, 1964). 
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SUlyMARY 
Experiments were conducted with rats to study the effect of re­
stricting the dietary intake (undernutrition) or feeding a low protein 
diet (malnutrition) during gestation or lactation or both on the growth 
oC the offspring and then to study the relationship between the growth 
of the offspring and levels of growth hormone in plasma and the pituitary 
gland. Results of these studies indicate that: 
1. While litter size may not be adversely affected by restricting 
dietary intake or feeding a low protein diet during gestation, 
incidence of stillbirth was considerably increased in the mal­
nourished or undernourished animals compared with the control 
animals. Furthermore, malnutrition resulted in a higher 
incidence of stillbirth than undernutrition. 
2. Malnutrition or undernutrition during gestation or lactation 
or both resulted in a higher mortality rate in the offspring 
between birth and weaning than in the control offspring. 
Again, when compared with undernutrition, malnutrition had a 
greater adverse effect on mortality of the offspring. 
3. Malnutrition during gestation did not adversely affect birth 
weight but malnutrition during gestation or lactation or both 
resulted in decreased weaning weight of the offspring. The 
offspring, however, recovered considerably from the preweaning 
growth retardation following repletion. 
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4. Undernutrition during gestation resulted in decreased birth 
weight while undernutrition during gestation and lactation or 
during lactation only resulted in decreased weaning weight and 
decreased mature weight of the offspring. In other words, 
undernutrition during these periods resulted in permanently 
stunted growth of the offspring, even when adequately fed. 
Undernutrition during gestation did not show such an effect. 
5. While malnutrition generally affected the survival value of 
the offspring more adversely than undernutrition, under­
nutrition on the other hand appeared to retard the growth 
rate of the offspring more than malnutrition, 
6. Muscle DNA content (cell number) tended to decrease in the 
repleted offspring of malnourished and undernourished 
animals. 
7. Muscle cell size and weight as well as protein synthesis as 
indicated by RNA/DNA ratios were greater in the repleted 
offspring of experimental animals compared with the control 
offspring, 
8. In general, female rats had larger pituitary glands along 
with higher plasma but lower pituitary growth hormone level. 
In contrast, male rats had smaller pituitary glands along 
with lower plasma but higher pituitary growth hormone level 
than female rats. It was concluded that female rats secreted 
more growth hormone than male rats. 
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9. There was no positive correlation between plasma and pituitary 
growth hormone levels. Highly positive correlations existed 
between total RNA and total DNA in the muscle of the offspring, 
between total DNA in muscle and the weaning as well as final 
body weight, between pituitary growth hormone level and weaning 
weight as well as final body weight and between weaning and 
final body weights, 
10. The most stunted offspring showed the lowest plasma and 
pituitary growth hormone levels while all other stunted off­
spring compared with the control offspring showed lower plasma 
but higher pituitary growth hormone levels in direct propor­
tion to their mature body size. It is suggested that the 
stunted growth of the offspring of rats malnourished or under­
nourished during gestation or lactation or both is related to 
either decreased growth hormone synthesis or decreased synthesis 
and/or secretion of the growth hormone releasing factor from 
the hypothalamus or to a combination of both. 
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Table 24, Litter size. stillbirth and birth weight in experiment I 
Source of Number of pups alive at birth 
variation d.f. M.S. F 
Treatment 2 13,40 0.694 
Remainder 18 19.30 
Stillbirth 
Treatment 2 4.64 0.606 
Remainder 18 7.66 
Litter Size 
Treatment 2 30.47 3,211 
Remainder 18 9.49 
Birth Weight 
Treatment 2 0.50 0,198 
Litters/trt 16 2.54 18.420** 
Remainder 185 0.14 
** P< 0.01. 
88 
Table 25. Litter size, stillbirth and birth weight in experiment II 
Source of Number of pups alive at birth 
variation d.f. M.S. F 
Treatment 2 16.69 1.535 
Remainder 21 10.87 
Stillbirth 
Treatment 2 0.012 0.711 
Alvbth B linear 1 0.112 6.722** 
Remainder 20 0.017 
Litter Size 
Treatment 2 15.43 1.483 
Remainder 21 10.41 
Birth Weight 
Treatment 2 15.17 4.468* 
Litters/trt 21 3.39 23.061** 




Table 26. Mortality and weaning weight in experiment I 
Source of 
variation d.f. 
Number of pups alive at weaning 
M.S. F 
Treatment 6 24.43 2.743 
Remainder 14 8.90 
Mortality 
Treatment 6 11.44 0.742 
Remainder 14 15.43 
Weaning Weight 
Treatment 5 1171,61 13.206* 
Litters/trt 4 88.72 4.262** 
Sex 1 37.18 1.786 
Trt X sex 5 12.23 0.588 
Remainder 57 20.82 
* 0.05. 
* P< 0,01, 
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Table 27. Mortality and weaning we light in experiment II 
Source of Number of pups alive at weaning 
variation d.f. M.S. F 
Treatment 5 22.14 2.862* 
Remainder 18 7.74 
Mortality 
Treatment 5 17.74 3.063* 
Remainder 18 5.79 
Weaning Weight 
Treatment 5 321.91 2.350 
Litters/trt 12 137.04 24.962** 
Sex 1 17.19 3.134 
Trt X sex 4 8.34 1.520 




Table 28, Total body weight gain and final body weight in experiment I 
Source of 
variation d.f. 
Total body weight gain 
M.S. F 
Treatment 4 1051.97 1.958 
Litters/trt 5 537,38 3.110* 
GH trt 1 22.10 0.122 
Sex 1 11103.91 64.259** 
Trt X GH trt 4 188.36 1.043 
Trt X sex 4 294.01 1.701 
GH trt X sex 1 2750,71 15.919** 
GH trt X litters/trt 3 181,10 1.048 
Remainder 14 172,80 
Final Body Weight 
Treatment 4 3232,08 3.848** 
Litters/trt 5 839,95 3.738** 
GH trt 1 0.30 0.002 
Sex 1 12239.48 54.475** 
Trt X GH trt 4 253.89 1.542 
Trt X sex 4 261.88 1.166 
GH trt X sex 1 3154.56 14.040** 
GH trt X litters/trt 3 164.67 0.733 
Remainder 14 224.68 
P<0.05. 
** P< 0.01. 
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Total body weight gain 
M.S. F 
Treatment 5 1264.04 0.965 
Litters/trt 12 1310.53 9.745** 
Sex 1 2478.03 18.427** 
Trt X sex 4 379.95 2.825* 
Remainder 62 134.48 
Final Body Weight 
Treatment 5 2599.81 1.418 
Litters/trt 12 1833.76 11.880** 
Sex 1 2870.14 18.594** 
Trt X sex 4 451.72 2.926* 
Remainder 62 154.36 
* P< 0.05. 
** P< 0.01. 
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** P< 0,01. 
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Table 31. Daily body weight gain in experiment II 
Source of 
variation d.f. M.S. F 
Treatment 5 23.04 0.750 
Litters/trt 12 30.71 9.203** 
Sex X litters/trt 6 2.90 0.870 
Sex 1 65.94 19.766** 
Day 36 74.52 22.335** 
Trt X sex 4 10.60 3.178** 
Remainder 3024 3.34 
** P< 0.01. 
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Treatment 5 33243. 28 18. ,719** 
Litters/trt 5 1775. 88 0, .989 
Sex 1 1109. 03 0, ,618 
Trt X sex 5 3250. 55 1, .811 
Remainder 23 1795. 03 
Feed Efficiency 
Treatment 5 20. 71 0, .543 
Litters/trt 5 38. 15 6, ,621* 
Sex 1 80. 43 13, 973** 
Trt X sex 5 9. 60 1, .668 




Table 33. Percent body composition of animals injected with 
saline in experiment I 
„ r- Percent moisture Source of 
variation d.f, M.S. F 
Treatment 5 71.09 17.675** 
Litters/trt 4 4.02 0.401 
Sex 1 5.33 0.632 
Trt X sex 4 7.63 0.761 
Remainder 4 10.03 
Percent Protein 
Treatment 5 7.91 1.976 
Litters/trt 4 4.00 3.387 
Sex 1 0.06 0.050 
Trt X sex 4 4.16 3.521 
Remainder 4 1.18 
Percent Fat 
Treatment 5 17.34 4.794 
Litters/trt 4 3.62 0.710 
Sex 1 8.78 1.725 
Trt X sex 4 6.18 1.214 
Remainder 4 5.09 
** p< 0,01. 
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Table 34. Body composition by weight of animals injected with 
saline in experiment I 
Maternal 
dietary Carcass 
treatment Sex weight Moisture Protein Fat 
g g g g 
M 164 111.9 33.8 15.0 
Control 98.9 33.0 13.9 
F 127 85.9 26.2 12.8 
M 140 96.3 27.8 11.1 
RDI:RDI 85.1 22.6 8.4 
F 99 72.8 17.4 5.8 
M 227 130.3 51.7 35.3 
RDI:Control 106.3 41.1 25.2 
F 134 82.4 30.6 15.1 
M 178 119.1 34.2 22.3 
RPI:Control 96.7 31.0 22.2 
F 118 76.1 27.8 11.0 
M 149 94.5 34.1 15.5 
Control:RDI 80,6 28.0 13.9 
F 105 66.6 21.8 12.3 
M 191 123.0 35.9 24.4 
Control:RPI 123.0 35.9 24.4 
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Table 35. Muscle RNA and DNA concentration in experiment II 
Source of 
variation d.f. M.S. F 
Treatment 5 
R N A  
0.128 3.488* 
Litters/trt 11 0,037 1.390 
Sex 1 0.031 1.175 
Trt X sex 4 0.023 0.889 
Remainder 63 0.026 
D N A  
Treatment 5 0.050 1.282 
Litters/trt 11 0.039 5.557** 
Sex 1 0.059 8.430** 
Trt X sex 4 0.005 0.737 
Remainder 63 0.007 
R N A  
D N A  
Treatment 5 0.084 0.304 
Litters/trt 11 0.276 4.246** 
Sex 1 0.307 4.672* 
Trt X sex 4 0.031 0.466 




Table 36. Muscle total RNA and total DNA in experiment II 
Source of 
variation d,f. M.S. F 
Total RNA 
Treatment 5 0.354 0.568 
Litters/trt 11 0.623 5.563** 
Sex 1 0.005 0.041 
Trt X sex 4 0.223 1.993 
Remainder 63 0.112 
Total DNA 
Treatment 5 0.073 1.466 
Litters/trt 11 0.050 2.119* 
Sex 1 0.032 1.349 
Trt x sex 4 0.027 1.168 
Remainder 63 0.024 
Total RNA 
Total DNA 
Treatment 5 0.075 0.203 
Litters/trt 11 0.370 5.692** 
Sex 1 0.315 4.808* 
Trt X sex 4 0.031 0.477 
Remainder 63 0.065 
* 0.05. 
** P< 0.01. 
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Table 37. Plasma insulin, plasma and pituitary growth hormone 
levels in experiment II 
Source of 
variation d.f. M.S. F 
Plasma Insulin 
Treatment 5 14.45 0.656 
Litters/trt 11 22.03 2.393* 
Sex 1 0.04 0.004 
Trt X sex 4 5.73 0.622 
Remainder 63 9.21 
Plasma Growth Hormone 
Treatment 5 376,36 3.423* 
Litters/trt 11 109.96 0.464 
Sex 1 245.53 1.037 
Trt X sex 4 62.09 0.262 
Remainder 63 236.75 
Pituitary Growth Hormone 
Treatment 5 6975.39 0.550 
Litters/trt 11 12682.45 2.430* 
Sex 1 5177.86 0.992 
Trt X sex 4 5534.92 1.061 
Remainder 63 5218.42 
* P< 0.05. 
